One hundred ninety-eight children and adolescents were entered in the Associazione Italiana di Ematologia ed Oncologia Pediatrica (AIEOP)-ALL95 study for highrisk acute lymphoblastic leukemia (ALL). Inclusion criteria were poor response to initial prednisone/intrathecal methotrexate (prednisone-poor response [PPR]), resistance to induction therapy, translocation t(9;22), infants with the t(4;11), or CD10 ؊ ALL. The event-free survival (EFS) rate at 4 years was 56.5% (SE, 3.9%) for the entire group. The overall EFS rate in the current study was significantly better (P ‫؍‬ .002) than that obtained in a comparable group of patients treated in the early 1990s in the AIEOP-ALL91 study. In particular, patients with PPR had a 4-year EFS of 61.1% (SE, 4.4%) versus 42.8% (SE, 5.4%) in the ALL 91 study (P ‫؍‬ .008). Among PPR patients, those who were PPR-only (60.1%)-that is, they achieved CR and were negative for t(9;22) and t(4;11) translocations-had the best outcomes with this intensive treatment, even when additional adverse features (hyperleukocytosis, T phenotype) were present (4-year EFS, 70.1%; SE, 4.7%). We attribute this improvement to the replace- 
Introduction
The definition and treatment of high-risk childhood acute lymphoblastic leukemia (ALL) remain controversial. Consensus criteria of the Rome/ National Cancer Institute Workshop 1 have been useful in promoting greater uniformity among international leukemia study groups, but they are limited by failure to identify subgroups with poor prognosis defined by genetic alterations or poor blast cell sensitivity to chemotherapy. In the last decade, the Associazione Italiana di Ematologia ed Oncologia Pediatrica (AIEOP) 2 and the BerlinFrankfurt-Muenster (BFM) study groups have emphasized the role of corticosteroid sensitivity of leukemic blasts at the time of diagnosis, a risk feature first described and subsequently assessed by the BFM group. 3, 4 Patients with at least 1000 blast cells/L peripheral blood after 7 days of prednisone monotherapy and one injection of intrathecal methotrexate (IT-MTX) were considered to have a poor response to prednisone (PPR) and no more than a 35% chance of becoming long-term disease-free survivors on standard therapeutic protocols. [3] [4] [5] Other high-risk features included failure to achieve complete remission (CR) after the first 6 weeks of induction therapy, presence of the clonal translocation t(9;22), or age younger than 1 year with either t (4;11) or CD10 Ϫ leukemic blasts. [2] [3] [4] [5] Collectively, these criteria were intended to identify a subset of patients (approximately 15% of the total study population) whose event-free survival rate was expected not to exceed 35%.
Initial attempts to improve outcome in this high-risk group using a modified version of the intensive BFM-ALL REZ protocol for relapsed ALL 6 yielded unsatisfactory results in the BFM-ALL-90 5 and the AIEOP-ALL91 studies. 2 We attributed this outcome to insufficient leukemia control, despite the use of a series of 9 alternating blocks of non-cross-resistant drugs. In these 2 studies, the second part of the traditional BFM induction phase (protocol Ib) was omitted as was the traditional reinduction phase. Designated protocol II, the latter treatment is generally considered an integral part of BFM-type therapy 4 and has been used by the Children's Cancer Group (CCG) to improve leukemia control in patients with delayed responses to induction therapy. 7, 8 Therefore, in the subsequent AIEOP-ALL95 study started in May 1995, we replaced most of the former consolidation phase (ie, 6 of the 9 multidrug blocks) with a reinduction phase consisting of protocol II, repeating it twice in the context of an otherwise conventional BFM treatment for high-risk ALL. Reported here are the results of our modified therapy administered to the series of patients at high risk as diagnosed from May 1995 to December 1999.
Patients and methods

Patients
From May 1995 to December 1999, 1599 previously untreated patients younger than 18 years with newly diagnosed non-B ALL, were registered from 40 AIEOP institutions of the AIEOP-ALL95 study. Forty patients were centrally notified but lacked essential information; 16 were not evaluable because of unknown immunophenotype (n ϭ 12), cytochemical staining results (n ϭ 3), or leukocyte count at diagnosis (n ϭ 1); and 58 were ineligible according to the study protocol because of Down syndrome (n ϭ 31), acute undifferentiated leukemia (n ϭ 2), acute myeloid leukemia (n ϭ 5), B-cell ALL (n ϭ 1), secondary leukemia (n ϭ 4), or antiblastic drug pretreatment (n ϭ 15). Thus, 1485 patients were eligible and evaluable. Of those, 198 (13.3%) patients were assigned to the high-risk group, based on at least one of the following criteria: PPR, failure to achieve CR after the first 6 weeks (day 42) of induction therapy (protocol Ia), evidence of translocation t(9;22), or age younger than 1 year with either t(4;11) or B-lineage CD10 Ϫ ALL upon prospective screening. Seven additional patients who, though eligible for the intermediate-risk group were treated according to the high-risk protocol because of clinical decision, were excluded from this analysis.
Diagnostic studies
The diagnosis of ALL was based on morphologic, cytochemical, and immunophenotypic criteria. All patients had less than 3% blast cells positive for myeloperoxidase or Sudan black and were negative for nonspecific esterase according to French-American-British criteria. 9 Immunophenotyping was performed at the AIEOP reference laboratory by flow cytometry with a large panel of commercial monoclonal antibodies directed against the following surface and intracellular antigens: CD1a, CD3, CD4, CD5, CD7, CD10, CD13, CD14, CD15, CD19, CD20, CD24, CD33, CD34, CDw65, HLA DR, IgM, and terminal desoxyribonucleotidyl transferase. Threshold positivities were set at 20% for surface antigens and 10% for intracellular markers, according to the BFM family criteria. 10 CR was defined as no physical signs of leukemia, no detectable leukemic cells on the blood smears, bone marrow with active hemopoiesis, cerebrospinal fluid with fewer than 5 cells/L, and no blasts on cytospin. Treatment in patients who did not achieve CR after the first 6 weeks of therapy (protocol Ia) was continued with phase Ib and consolidation (see below). Only patients who did not obtain CR by the end of consolidation phase were defined as resistant to this protocol.
Treatment
The treatment plan is summarized in Table 1 . Briefly, patients underwent 7 days of prephase steroid therapy (at increasing doses up to 60 mg/m 2 ) together with one dose of IT-MTX. Induction therapy consisted of protocol I (Ia: vincristine, prednisone, daunomycin, L-asparaginase; Ib: cyclophosphamide, 6-mercaptopurine, cytarabine), 4 followed by consolidation therapy with 3 blocks of non-cross-resistant drugs, including either high-dose methotrexate (HD-MTX; 5 g/m 2 ) or high-dose cytarabine (HD-ARAC; 2 ϩ 2 g/m 2 ). 5, 6 Reinduction therapy consisted of protocol II, followed by interim maintenance therapy during which cranial irradiation (dosing based on age and central nervous system [CNS] status) was delivered, and by a second protocol II without IT chemotherapy. Maintenance therapy consisted of 28-day cycles of oral 6-mercaptopurine (50 mg/m 2 , days 1-21), weekly intramuscular methotrexate (20 mg/m 2 , days 1, 8, 15) , pulses of prednisone (40 mg/m 2 , days 22-26), and vincristine (1.5 mg/m 2 , day 22). An interval of 2 weeks between each part of therapy (induction, consolidation, reinduction, and maintenance) was scheduled to allow marrow reconstitution. Total duration of treatment was 24 months. Bone marrow transplantation (BMT) from a matched related donor was advised for patients in first CR with the following characteristics: failure to achieve CR after the first 6 weeks of induction therapy (protocol Ia); infants with the t(4;11) translocation or a CD10 Ϫ B-lineage immunophenotype; t(9;22) translocation; PPR; and either a T-cell immunophenotype or a leukocyte count of 100 000/L or the t(4;11) translocation. BMT from an alternative donor, though not recommended, was performed in 12 patients considered at particularly high risk for treatment failure; one patient underwent autologous BMT.
Treatment burden
Treatment burden in the AIEOP-ALL95 high-risk study was evaluated on the basis of need for blood derivatives (packed red blood cells, platelets) and need for and duration of intravenous antibiotic therapy, central venous line, and hospitalization.
Statistical analysis
Event-free survival (EFS) and survival curves were constructed by the Kaplan-Meier method. The log-rank test was used for univariate comparisons, and the Cox regression model was used to adjust the main comparisons by other prognostic features (leukocyte count, cutoff 100 000/ L; immunophenotype, T vs non-T; age, cutoff 10 years; and sex). 11 The starting point for the observation time was the date of diagnosis. Death in induction, resistance, relapse, death in continuous CR (CCR), and secondary malignancy were considered adverse events in the calculation of EFS rates (induction death and resistance were considered events at time zero), whereas death from any cause was the sole event in determining overall survival. In both analyses, the observation time was censored at the last follow-up date if no event was noted. Follow-up was updated as of December 31, 2000; 1 (0.5%) patient was lost to follow-up. The primary analyses describe the outcome of the therapeutic approach for high-risk (HR) ALL, including the option of BMT, but secondary analysis was also performed after censoring the observation times on the date of transplantation. To gauge the efficacy of our modified therapy, we compared the outcome of high-risk patients in study AIEOP-ALL95 with that of a subgroup of patients from AIEOP-ALL91 2 selected according to the eligibility criteria of the AIEOP-ALL95 study.
Results
Laboratory and clinical characteristics of the 198 patients treated in the HR protocol are shown in Table 2 . Eligibility criteria are presented in hierarchical order; thus, column (1) counts all patients who were resistant to protocol Ia of the induction therapy, regardless of the remaining features, and so on for the subsequent columns. Consequently, column (4) identifies the patients who were defined as HR only because of their poor response to prednisone (ie, they indeed achieved CR and were negative for t(9;22) or t(4;11) translocations; PPR-only). Seventy-six percent (151 of 198) had PPR; in 119 (60.1%) patients, this was the sole high-risk feature. The next most frequent high-risk factor was resistance to induction therapy on protocol Ia (42 of 198, 21.2%), followed by the t(9;22) translocation (26 of 198, 13.1%), and infant age with either t(4;11) or CD10 Ϫ ALL (11 of 198, 5.6%) .
Three (1.5%) patients died on induction therapy (due to mediastinal syndrome, brain hemorrhage, or septicemia) (Table 3) , and 11 (5.6%) failed to achieve CR by the end of consolidation therapy; thus, the CR rate in this high-risk group was 92.9% (184 of 198) .
Relapse was the most common cause of treatment failure and occurred in 55 (27.8%) children at a median time of 12 months after remission induction (range, 1-63 months). Most of the relapses were in the bone marrow (46 isolated and 5 combined); 4 patients had an isolated relapse in the CNS. Ten patients died during continuous CR-3 of septicemia, 1 of pneumonia during chemotherapy, and 6 of BMT-related complications.
With a median follow-up of 3.2 years, the estimated 4-year probabilities of EFS and overall survival were 56.5% (SE, 3.9%) and 62.8% (SE, 3.9%), respectively. Figure 1 shows the EFS curves for the 4 subgroups defined in Table 2 . Their outcomes were significantly heterogeneous according to the log-rank test (P ϭ .0001), and this result was maintained after adjusting the comparison (for leukocyte count, immunophenotype, age) in a Cox model.
The PPR-only subgroup had a 4-year EFS of 70.1% (SE, 4.7%). Patients who were PPR-only but also had T immunophenotype (n ϭ 34) or leukocyte counts exceeding 100 000/L (n ϭ 30) had 4-year EFS of 66.6% (SE, 8.2%) and 60.1% (SE, 9.6%), respectively ( Figure 2 ). *Protocol II was repeated after a 6-week interim maintenance phase during which the patients received 6-mercaptopurine and methotrexate as in the maintenance described below ( §).
†IU/m 2 . ‡Age-adjusted doses of triple intrathecal therapy were for methotrexate, cytarabine, and prednisolone, respectively, as follows: younger than 1 year, 6/16/4 mg; 1 or older but younger than 2 years, 8/20/6 mg; 2 or older but younger than 3 years, 10/26/8 mg; 3 years or older, 12/30/10 mg.
§Cranial radiotherapy was administered once during interim maintenance at the following doses: age 1-2 years, 12 Gy (18 Gy if CNSϩ at diagnosis); age 2 years and older, 18 Gy (24 if CNSϩ); for high-risk patients younger than 1 year, extended triple intrathecal therapy during maintenance was substituted for cranial radiotherapy. Then tapered.
¶Patients with CNS leukemia had additional triple intrathecal therapy on days 8 and 22. 
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Noticeably, PPR-only patients who had both unfavorable features (n ϭ 21) had a 4-year EFS of 61.2% (SE, 10.8%).
The subgroup of patients who were resistant to protocol Ia had the worst prognosis, with a 4-year EFS of 25.6% (SE, 7.1%); by definition, this group included all 11 resistant patients.
The t(9;22) and infant t(4;11)/CD10 Ϫ subgroups had an intermediate outcome, but their relatively small sizes precluded additional meaningful statistical analysis. Translocation t(9,22) was found overall in 30 patients (4 of them were also resistant to protocol Ia); of these 30 patients, 5 had PPR (2 were also resistant to protocol Ia). Of the 5 t(9,22) and PPR patients, none are in CCR; this finding is consistent with previous reports. 12 Of the 11 infants with t(4;11)/CD10 Ϫ , 5 were also PPR and of these 2 are in CCR.
According to study design, a subset of 15 patients underwent BMT from a matched-related donor. Twelve other patients underwent BMT from alternative donors (9 matched unrelated donor, 2 mismatched donors, 1 fetal liver). One patient underwent autologous BMT. Of the patients who underwent transplantation, 18 remained in CCR for a median of 33 months (range, 1-54 months) after BMT; 6 patients died in remission and 4 had relapses. When EFS curves were calculated censoring the observation time at the date of BMT, results in the 4 subgroups did not change ( Table 3 ).
The overall 4-year EFS estimate was significantly better than that obtained in the group of 114 patients selected with the same high-risk criteria and treated in study AIEOP-ALL91: 56.5% (SE, 3.9%) versus 40.2% (SE, 4.6%) (P ϭ .002). The distribution of patient characteristics in the 2 groups was similar, and the advantage in overall EFS was maintained when the test for comparison was stratified by the 4 subgroups in a Cox model (P ϭ .0005) and when the observation time was censored at the date of BMT. (Four-year EFS rates in AIEOP-ALL95 versus AIEOP-ALL91 were 57.2% [SE, 4.2%] versus 39.8% [SE, 5.1%] [P ϭ .0007]).
Although the relatively small size precluded meaningful comparison of the remaining subgroups, the PPR-only subgroup was also analyzed separately. In protocols 95 and 91, the estimated 4-year EFS was 70.1% (SE, 4.7%) versus 48.9% (SE, 6.2%), respectively, and the difference was significant (P ϭ .01) independently of other prognostic factors (white blood cell [WBC] count, immunophenotype, age, and sex, which were included in a Cox model). Noticeably, in the PPR-only subgroups, by definition, the EFS curves do not include resistance as an event (Table 3) . However, an advantage was still observed in the AIEOP-ALL95 study compared with the AIEOP-ALL91 study when all patients with PPR were considered: 4-year EFS was 61.1% (SE, 4.4%) versus 42.8% (SE, 5.4%) (P ϭ .008), respectively ( Figure 3) .
Analysis of the requirements for supportive care throughout the various phases of treatment is shown in Table 4 for patients with available data. Red blood cell transfusions were necessary for approximately 90% of the patients during protocols Ia and Ib, and consolidation with blocks were necessary for approximately 65% of the patients during protocol II. Platelet support was mainly restricted to the induction and consolidation phases. Intravenous antibiotics were also required for a substantial proportion of patients during intensive chemotherapy phases; the peak frequency was 82% during consolidation block therapy (mean duration of treatment, 14 days; range, 2-40 days). During the same phase, 83% of patients required a central venous line, and the mean hospital stay was 32 days (range, 6-65 days) Table 2 . Patients (pts) resistant to protocol Ia (Res Ia), regardless of the remaining features, and so on for the subsequent subgroups (ie, patients with t(9;22) translocation, infants with t(4;11) or CD10 Ϫ , PPR-only patients (these were poor responders to prednisone but free of all previous features). Eligibility criteria are in hierarchical order. Thus, column (1) counts all patients who were resistant to induction (protocol Ia) regardless of the remaining features and so on for the subsequent columns. Consequently, column (4) identifies the patients who were defined as HR only because of their poor response to prednisone (they achieved CR and were negative for t(9;22) or t(4;11) translocation, PPR-only).
*Of these 42 patients (2.8% of the entire AIEOP-ALL95 study population) who were at high risk because of failure to achieve CR after protocol Ia, 2 presented as standard risk, 14 as intermediate risk, and 26 already as high risk according to other criteria.
IMPROVED OUTCOME IN HIGH-RISK CHILDHOOD ALL 423
BLOOD, 15 JULY 2002 ⅐ VOLUME 100, NUMBER 2
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From compared with 22 days (3-58 days) during protocol Ia. No cases of cardiac failure were reported, and cardiac function in patients in complete remission, off therapy, and without transplantation, measured as ejection or shortening fraction (in 80% of the patients), was in the normal range.
Discussion
Traditionally, age and leukocyte count, as well as DNA content and immunophenotype, have been considered the most useful prognostic factors in the clinical management of childhood ALL, though they often fail to accommodate patients who do not respond to induction/consolidation therapy or who have relapses on postremission regimens. The BFM experience has clearly demonstrated that in vivo response to 7 days of prephase steroid therapy is a powerful predictor of treatment outcome. 3, 4, [12] [13] [14] In the AIEOP-ALL91 study, the high-risk group had a 5-year EFS rate of only 40% (SE, 4%), 2 which was not remarkably different from the results achieved in ALL-BFM90, 34% (3%) at 6 years of follow-up. 5 In this last study, PPR was recognized as the most powerful independent prognostic factor in a large unselected cohort of patients with childhood ALL who achieved remission on protocol Ia. In the AIEOP and the BFM studies, rotational administration of high-dose chemotherapy blocks did not provide significantly better leukemia control than standard BFM chemotherapy. 4 The present data suggest an improvement in the prognosis of childhood ALL patients with PPR as their only high-risk feature. Despite the retrospective nature of the analysis, the 2 study populations (AIEOP-ALL95 and AIEOP-ALL91) were comparable with regard to eligibility requirements, age, leukocyte count, and immunophenotype so that the improvement in 4-year event-freesurvival is most likely mainly related to differences in therapy. In Figure 2 . Event-free-survival (SE) of children with high-risk non-B ALL. Children were grouped as PPR-only and T-ALL (n ϭ 34) or PPR-only and leukocyte count of 100 000/L (n ϭ 30), treated in the AIEOP-ALL95 study. PPR-only is the subgroup of the PPR patients who achieved CR and were negative for t (9;22) and t(4;11) translocations. By definition, this subgroup does not include resistant patients; thus, EFS resembles a disease-free survival type of analysis. Eligibility criteria are in hierarchical order. Thus, column (1) counts all patients who were resistant to induction (protocol Ia), regardless of the remaining features and so on for the subsequent columns. Consequently, column (4) identifies the patients who were defined as HR only because of their poor response to prednisone (they achieved CR and were negative for t (9;22) or t(4;11) translocation, PPR-only).
*These 11 patients did not achieve remission by the end of consolidation therapy. †These 31 patients, who were not in CR after protocol Ia, achieved remission by the end of consolidation (block) therapy. ‡Two of these relapses occurred after BMT in first CR. §Six of these deaths were attributed to transplantation-related events.
the AIEOP-ALL95 study, treatment intensification was achieved with the use of a more traditional BFM-type backbone chemotherapy, consolidation with only 3 blocks, and repeated use of protocol II. This approach resulted in a significant improvement for the subgroup of high-risk patients defined as PPR-only. Interestingly, this advantage extended also to patients showing the association of adverse prognostic factors such as T phenotype, suggesting that this modified BFM-type therapy, developed also according to the experience of the CCG group, 8 is particularly effective for such patients. This improvement, as shown in Figure  3 , may account for the improvement obtained in the outcome of the whole group of PPR patients. It should be noted, however, that rotational intensive block chemotherapy, as already reported, 2, 5 provided results inferior to those of conventional BFM-type chemotherapy. 4, 15 Unfortunately, this improvement does not extend to all high-risk subgroups. Patients who did not achieve CR by the completion of protocol Ia, with or without detectable clonal translocations, remain the subgroup at highest risk for leukemic relapse with a 4-year EFS rate of 25.6% (SE, 7.1%). Patients with clonal translocations had a 4-year EFS of approximately 50%; nonetheless, the simultaneous presence of PPR with these features confers a poor prognosis.
As with most programs of intensive chemotherapy, the modified treatment devised for AIEOP-ALL95 requires careful monitoring to prevent fatal or life-threatening complications. On average, these patients spent approximately 100 days in the hospital during the 5 intensive treatment phases covering the first 9 months from diagnosis. However, the death rate in first CR was only 2%, justifying wider application of this therapy in patients with high-risk ALL. Although this treatment regimen included a high cumulative dose of anthracycline (daunomycin and doxorubicin) of 410 mg/m 2 , cardiac function was not reported as a clinical problem after treatment completion in this study. These results underscore the treatment dependence of high-risk prognostic features in children with ALL. The ability to rescue high-risk patients from the toxic effects of intensified chemotherapy would appear to justify further attempts to identify occult high-risk features, such as polymerase chain reaction-detectable minimal residual disease, as a means to refine treatment and ultimately to increase the cure rate in childhood ALL. 
